The pretreatment neutrophil/lymphocyte ratio (NLR), derived from differential white blood cell counts, has been previously associated with poor prognosis in breast cancer. Little data exist, however, concerning this association in Black patients, who are known to have lower neutrophil counts than other racial groups. We conducted a retrospective cohort study of 236 Black and 225 non-Hispanic White breast cancer patients treated at a single institution. Neutrophil and lymphocyte counts were obtained from electronic medical records. Univariate and multivariate Cox regression models were used to determine hazard ratios (HRs) and 95% confidence intervals (95% CIs) of all-cause mortality and breast cancer-specific mortality in relation to pretreatment NLR. Overall, there were no associations between an elevated pretreatment NLR (NLR ≥3.7) and all-cause or breast cancer-specific mortality. Among patients without metastasis at the time of diagnosis, an elevated pretreatment NLR was independently associated with all-cause mortality, with a multivariable HR of 2.31 (95% CI: 1.10-4.86). Black patients had significantly lower NLR values than White patients, but there was no evidence suggesting racial heterogeneity of the prognostic utility of NLR. Pretreatment NLR was an independent predictor of all-cause mortality but not breast cancer-specific mortality in non-metastatic breast cancer patients.
have prognostic value in breast cancer (6, 7) . This interaction between the tumor and immune system may also extend beyond the local tissue environment. Indeed, a systemic inflammatory response, determined by elevated circulating levels of C-reactive protein and interleukin-6, has been associated with poor overall and disease-specific survival among breast cancer patients (8, 9) .
The pretreatment neutrophil/lymphocyte ratio (NLR), derived from differential white blood cell (WBC) counts, is another parameter of systemic inflammation and host immune reaction, which is routinely available in the clinical setting. A few studies have reported that an elevated pretreatment NLR is associated with an increased risk of relapse and worse survival among breast cancer patients (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The pretreatment NLR has been associated with worse prognosis in a variety of different cancers, including colorectal cancer (20) , non-small cell lung cancer (21, 22) , renal cell carcinoma (23, 24) , gastric cancer (25, 26) , nasopharyngeal carcinoma (27, 28) , hepatocellular carcinoma (29) , and esophageal cancer (30) . Additionally, Chua et al. reported that midtreatment NLR (measured after one cycle of chemotherapy) was associated with improved progression-free survival (p = 0.012) in colorectal cancer (31) .
Blacks are generally known to have lower neutrophil counts and similar lymphocyte counts compared to their White counterparts (32) . However, little data exist concerning the association between the pretreatment NLR and breast cancer prognosis in Black patients. We, therefore, examined whether an elevated pretreatment NLR is associated with all-cause and breast cancerspecific mortality in Black and White patients treated at a single institution.
MaTerials anD MeThODs study Design and Data source
Our study was a retrospective review of medical charts of breast cancer patients registered in the Tumor Registry at the Georgia Regents University (GRU) Cancer Center. Out of 1,208 patients registered between April 2001 and August 2013, we identified 464 patients who had differential WBC counts determined prior to initial treatment and excluded 3 patients who were members of racial/ethnic groups other than Black or non-Hispanic White. The total WBC count and the percentage of each neutrophil and lymphocyte were extracted from electronic medical records (EMR) to estimate the absolute neutrophil and lymphocyte counts. The NLR was then calculated by dividing the estimated neutrophil count by the estimated lymphocyte count. Also extracted from the EMR was information on a patient's height and weight at the time of diagnosis or at a proximate time possible to compute body mass index (BMI, kilogram per square meter).
Other major information used in this study was obtained from the hospital tumor registry, which abstracts and codes the data on all patients diagnosed and/or treated for cancer at the GRU Hospital following the state cancer registry standards. This included information on patient characteristics (age at diagnosis, race, primary payer at diagnosis, and tobacco use history), tumor (date of diagnosis, stage at diagnosis, grade, and hormone receptor status), treatment course (surgery, radiation, chemotherapy, and hormone therapy), and follow-up data (date of last contact, date and type of recurrence, and vital status). EMR were further searched among patients expired by the follow-up end date in order to determine if death was attributed to breast cancer. Death was considered a result of breast cancer if (1) "a patient was never been free of breast cancer since diagnosis because of already metastasized diseases and/or treatment failure/refusal" or "a patient was disease-free after initial treatment but had a record of disease recurrence" and (2) medical records within 3 months from the expiration date indicate at least one of the following: widespread metastasis into multiple organs; malignant pleural effusion; significant disease progression and functional decline; or referral to hospice care. The study was approved by the Institutional Review Board of GRU. The informed consent process and the documentation of consent was waived because the study was a retrospective chart review that involved no greater than minimal risk and did not collect protected health information.
statistical analysis
Our primary endpoint was overall survival. Overall survival was calculated from the date of diagnosis to the date of death from any causes (censored) or last follow-up (right-censored). A best cutoff point for NLR was established by examining hazard ratios (HRs), SEs, and p-values for various cutoff points obtained from a univariate Cox regression (log-rank test) comparing survival curves of individuals above and below each cutoff point (33, 34 Approximately half of the patients had in situ (N = 81 or 19%) or stage I (N = 149 or 34%) tumors, followed by 28% of patients with stage II, 15% with stage III, and 4% with stage IV. The proportion of patients with grade I, II, III, and IV tumors was 21, 29, 49, and 1%, respectively. The most frequent tumor subtype was the subtype positive for both the estrogen receptor (ER) and progesterone receptor (PR) (62%). The median counts of WBCs, neutrophils, and lymphocytes were 6.7, 4.1, and 2, respectively. (Figure 1 ). Interestingly, a positive association between tumor stage and the NLR value was evident only among White patients (p-value for a linear trend = 0.02) and was not observed in Black patients (p-value for a linear trend = 0.27). Due to differences in NLR between Black and White patients, we calculated an optimal NLR cutoff point that would significantly predict all-cause mortality in each racial group and in the combined patient population (Figure 2 ; Table 2 ). A high HR with the lowest p-value was observed at the NLR cutoff value of 3.6 among Black patients and at 3.8 among White patients. However, there was only little difference in the HRs and the associated p-values in a range of NLR cutoff values between 3.6 and 3.8 in both racial groups. We thus used an overall optimal cutoff point of 3.7 in subsequent analyses.
We further explored other patient parameters associated with the pretreatment NLR value ( Table 3) . Patients in the high NLR group defined as NLR ≥3.7 had higher WBC and neutrophil counts but lower lymphocyte counts compared to those in the low NLR group (NLR <3.7) (all p-values <0.001). There were more stage IV (17 versus 8%) and high-grade tumors (67 versus 47%) in the high NLR group than in the low NLR group, but the differences were not statistically significant. Other patient parameters, such as age, BMI, and smoking status, were also not significantly associated with the NLR groups. Using 3.7 as a cutoff point to define the high NLR group, there were fewer Black patients in the high NLR group compared with White patients, but the difference was only borderline significant (39 versus 61%, p = 0.07).
A total of 11% of breast cancer patients (8.5% of Black and 13.8% of White) had a pretreatment value of NLR ≥3.7 and was defined to have an elevated pretreatment NLR. In the univariate, unadjusted analysis, high NLR was associated with increased all-cause mortality (HR = 2.38, 95% CI: 1.52-3.72; p < 0.001 by the log-rank test) (Table 4; Figure 3) . The univariate HR associated with the high NLR was similar between Black (HR = 2.55, 95% CI: 1.30-5.00) and White (HR = 2.37, 95% CI: 1.29-4.34) patients. After adjustment for age, stage, grade, and combined ER/PR receptor status, however, the high NLR was no longer significantly associated with all-cause mortality (HR = 1.47, 95% CI: 0.80-2.70). Compared with patients without metastasis, patients with metastatic breast cancer are more likely to have overtly altered inflammatory states and tumor responses (35, 36) and shorter survival largely attributed to breast cancer. We, thus, analyzed the relationship between NLR and all-cause mortality, after excluding stage IV breast cancer patients ( Table 3) . The unadjusted HRs associated with high NLR were 2.43 (95% CI: 1.36-4.35) in all patients and 2.78 (95% CI: 1.16-6.64) and 2.28 (95% CI: 1.03-5.03) among Black and White patients, respectively. The high NLR remained a significant independent prognostic factor for overall survival among non-metastatic breast cancer patients after adjustment for the clinical factors of age, stage, grade, and combined ER/PR receptor status (HR = 2.12, 95% CI: 1.05-4.29) and additional adjustment for the patient factors of BMI and smoking history and the treatment factors of payer category, chemotherapy regimen, and radiation therapy regimen (HR = 2.27, 95% CI: 1.02-5.08).
Out of 122 patients who died during the study follow-up, 54 (10 in high NLR group and 44 in low NLR group) deaths were determined attributable to breast cancer. High NLR was significantly associated with breast cancer-specific mortality (unadjusted HR = 2.16, 95 CI: 1.09-4.30) but the association no longer remained after adjustment for clinical factors (adjusted HR = 1.78, 95% CI: 0.71-4.42) ( Table 5 ). Race and tumor metastasis status did not influence the relationship between the NLR and breast cancer-specific mortality.
DiscUssiOn
In a cohort of 461 Black and White patients with breast cancer, elevated pretreatment NLR, defined as 3.7 or higher, was not significantly associated with all-cause or breast cancer-specific mortality after considering patient and clinical factors. By contrast, elevation in pretreatment NLR was an independent predictor of all-cause mortality among breast cancer patients without metastasis at the time of diagnosis.
Some previous studies have reported that NLR is associated with breast cancer-specific mortality. Forget et al. found decreased recurrence-free survival in breast cancer patients with elevated pretreatment NLR, but multivariate analyses were not conducted in that study due to small sample size (15) . More recently, KrennPilko et al. reported that NLR >3 is an independent predictor of poor disease-free survival but not of overall survival in 762 European female breast cancer patients (37) . Pretreatment NLR ≥2.5 was independently associated with breast cancer-specific mortality in two studies of Asian patients with stage I-III breast cancer (13, 14) . One of the studies also showed that elevated NLR was associated with worse disease-specific survival particularly among patients with the luminal A subtype breast cancer (13) . On the other hand, a pretreatment NLR ≥2.5 was not associated with the 21-gene recurrence score in a population of 242 ER+ breast cancer patients (38) . A significant association of pretreatment NLR with both overall and disease-free survival has been 25-2.9, 30-34.9, and 35+ reported in studies based on triple-negative breast cancer patients (19, 39) . In a population of 187 HER2-positive breast cancer patients treated with adjuvant trastuzumab in medical centers in Turkey, Ulas et al. reported that patients with a pretreatment NLR >2.38 had shorter disease-free survival, but their findings were non-significant (p = 0.45) (40) . Several studies also point to the association of pretreatment NLR with overall survival in breast cancer patients. A meta-analysis of five studies published in 2014 has summarized that elevated pretreatment NLR, with the cutoff values ranged between 2.0 and 4.0, was associated with a significant increase in all-cause mortality (HR = 2.3, 95% CI: 1.1-4.8) but to a lesser extent with disease-free survival (HR = 1.4, 95% CI: 0.9-2.1) (17) . Subgroup analyses also indicated that the significant association between pretreatment NLR and prognostic utility of NLR is more evident among White versus Asian patients (17) . Consistent with this notion, a recent large study based on patients of different Asian ethnic groups reported a significant, but modest, association between high pretreatment NLR and overall death among breast cancer patients (18) . However, to the best of our knowledge, there has been no research that included adequate number of Black patients.
Adjustment model 1 controlled for stage (0/I, II, III, and IV), grade (I, II, and III/IV), hormone receptor status (ER+ or PR+, ER−, and PR−), and age (continuous). In addition to the variables in adjustment model 1, adjustment model 2 controlled for smoking (former and current versus never) and BMI (<25,
Black individuals have lower WBC and absolute neutrophil counts compared with White individuals (32) primarily due to genetic deletion of the Duffy antigen receptor for chemokines that has been hypothesized to affect the number of circulating neutrophils (41, 42) . Consistent with this understanding, Black patients in our dataset had lower NLR values than White patients, even after stratifying patients by tumor stage. This trend led us to determine different optimal NLR cutoff points for Black and White patients separately. Reflecting an overall lower NLR value in Black patients, a slightly lower NLR cutoff was selected for Black patients compared with White patients, but the difference was not large enough to warrant race-specific cutoff points. We also found that the association between pretreatment NLR value and tumor stage was less evident among Black patients. However, the association between NLR and all-cause and breast cancerspecific mortality remained similar with comparable estimates using either race-specific or a unified cutoff point value, and there was no evidence suggesting racial heterogeneity of the prognostic utility of NLR.
Inflammation and host immune response can be a critical factor for breast cancer prognosis by altering the tumor microenvironment and therapeutic efficacy (43) . Peripheral immune parameters, such as NLR studied in the present study, are a plausible and practically attractive marker of systemic inflammatory responses (44) and may reflect tumor-specific immune response. In a recent study of non-small cell lung cancer patients, the high NLR was correlated with TILs and independently associated with the prognosis (45) . However, NLR largely represents a nonspecific indicator of an immune state (46) . For example, an elevated NLR has been linked to worse outcomes in various diseases across several different cancer types and those outside of cancer, including coronary artery disease and heart failure (47) (48) (49) . In a large cohort study that included both patients with and without cancer, high neutrophil and low lymphocyte counts were associated with an increase in all-cause mortality and cardiovascular mortality as well as cancer-specific mortality (48) . It is known that women, especially elderly women, diagnosed with early stage breast cancers are more likely to die because of cardiovascular diseases than from breast cancer (50) . We were unable to estimate cardiovascular disease-specific mortality or its contribution to the observed association between NLR and all-cause mortality in our cohort. However, these findings, including our study, emphasize the pervasive effect that inflammation has on several aspects of health in several different organ systems and processes. It should be also noted that although this study focused on NLR, the prognostic implication of inflammation could not be fully captured, using this single marker of inflammation. However, combined with other markers of local and systemic inflammation, NLR, a low-cost, reliable marker of inflammation may have potential utility in predicting short-and long-term prognosis and risk stratification for anti-inflammatory or immune therapy for cancer patients in the future. Several strengths and limitations exist within the study. In terms of strengths, this study is one of the first to determine the association of pretreatment NLR to both all-cause and breast cancer-specific mortality in a group of Black and White patients. Nearly, equal numbers of Black and White patients were included, allowing us to explore a meaningful cutoff point in both racial groups. We used a cutoff point determination method for survival analysis to select a cutoff point that maximizes the relation with the HRs and SEs in Black and White patients (33, 34) . Because the distribution of NLR varies in the two racial groups and the biological meaning in terms of breast cancer prognosis is unknown, we believe this method was well suited to the nature of our data and the specific purpose of our study to examine the association between NLR and prognosis in Black and White patients. However, the prognostic value of our chosen cutoff point can be only determined after validation in independent datasets.
In terms of weaknesses, our study relied on medical records to identify breast cancer-specific death based on a priori criteria. Our data had comparable numbers of breast cancer-specific deaths by stage to those reported in a previous national death registry-based study (51) , but some unquantifiable level of classification bias is unavoidable. The nature of a retrospective chart review created additional limitations to our study. First, while we began with a cohort of 461 patients, we lost several patients in subsequent models adjusting for potential confounding factors due to incomplete patient records. Thus, while the adjustment models became subsequently more specific in their analysis, they may have lost statistical significance due to decreasing numbers of patients included in the model. Second, we lacked patient data on cardiometabolic health status and cardiovascular health risk factors. As NLR has been previously shown to be associated with increased prevalence of coronary artery disease and cardiovascular mortality (48, 49, (52) (53) (54) (55) , the relationship between NLR and cardiometabolic status in our patient cohort could have further weakened the specificity of NLR for breast cancer-specific mortality. Finally, the present study conducted subgroup analyses by race and metastasis status at diagnosis. Although the analyses were planned and guided by biological plausibility, the resulting increased number of testing will raise the probability of false positive findings.
The results of the present retrospective cohort of 461 Black and White breast cancer patients showed that elevated NLR defined as an NLR of 3.7 or higher is an independent predictor of all-cause mortality in non-metastatic breast cancer patients. Further studies, preferably in a patient population with available cardiovascular health data, are needed to clarify the appropriate clinical context to use NLR as a prognostic factor. aUThOr cOnTriBUTiOns JR, JC, JK, S-CT, and SK designed the study presented in this manuscript. JR and SK collected data from the electronic health records for this study. JC and JK performed the statistical analyses for this study. JR, JC, and SK wrote the manuscript and created the tables and figures with input from JK and S-CT.
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